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(57) [1Mb] 
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f -m<&m<r>%2<nm<i&& K> i>/h£ < fieSi20>g<lj6igtSg 
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1 

oT\ *H7>*ffi]{C*5W5J|l^)JI«^jB2<D^rfpl^ 

tt5SS2<DJl«£fc*U MUEJBl JltKJS 2 o*|*3ftS» 

«ttjc«ria«ixo c *2«)^fRi(c-tn-enSf*"*-5, ^ 

miBflt 2«>«*smE* 2 o« J: 0 fc/hS< ft 5 J: 5^tf> 

miss* i <Dmm&mmn 1 o«^^f*:^*ft a * 5 icis 

HUfam 2 o«$g^fj|am 2 <D«<D£#icfifc 6 j: 5 «ctt 
«2©«*sttJB20JilBfc»LTE«**t5, 

[ 0 0 0 1 ] 

^Arn^^^y (mram) o*jKtt«i&a£#U'>f r# 

[0 0 0 2 ] 

(plfi. 3r^^iHT 2 o(D$f I tMo l o$r 
(anti-parallel) IS, ^Sl fij i"0j £^ 

tt)^>^^ B »ft*jxfc**y */u«>wfc*iPjf4, m 
<£xm&¥m>b&¥>ft^xi**:<omz%) o its: ^ 

[0 0 0 3] Blaft, «^fc$n3tSfe*a«lCJ:6MR 
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2 

— K 7-^^130, tfy h ^132, &U<7< * y ir/H20 
££tfo >^y-t/H20ia, !7— K7-f V130<t t'y h7 
^ W32£0*£gffi#KEB£*tT^<5o £<OMRAM 
RtfTtt, Si^7^^ (130, 132) te, t'y h V132 

vizfrnotmcmx-ftrnztiZo iti^t, *^y 

*yH20tt, Ii^7^y (130, 132) <Om\Z£ VM&Ztl 

(c, (130,132) tts^^acx-rsBB^-ciB 

70 S2*lT:fe9, ^ y -Ir/U^OteSiZ^ -Y V (130, 132) 

<oH«£«*n6o Plx.il try h7-r^i32$r7« *y 

ir/H20O_b(CgS@-r^>C^^T*#, !7— Kt-T >130£r 
^^ey -fer/H20£> Tic IBSt- 5 c ^x 5 ^ £ Q 
[0 0 04] |2a^^Ui2cll loO^!it/i^ 
^OtC&tfS 1 t*y hOf^^wM$:/Tt 0 IH2 ate 
*5l*T\ **ErV i?yH20Ki, BflH*««126li J; 5 SUfMC 

(pinned) fl££v:7 -f /i^A 124£r^t?o T # ? 4 -f&f&rf 
-^7^/u^l22{c*5itS«{t*"|6]W:, — S"Cttft < , 

-f/UAl22(a, 7< * y ~ir/H20— O^^iA^tW^ 1 S 
^7-f>- (130, 132, H^it-f) \Z.MyLbtlZ>mffilZJ&£ 
T, -eolKfbTi-ffij^Iplls^^So 12 biC^-TJ: 9fC, 
Mi,M 2 ^51^tC^fT*C*>S«^lCtt, ^ * y -fe/H20(Cft 

^^y-t/n2otc*jW*ns. a?tc, i2ci^fj;p 

«#a*£ixS 0 Ml,M23&«a?iPfT-C«>S4»'&(w 

M Toj JR«3^^^y-fe/H20{c*#ft$n* o H 
2bJ5Lffl2cT^, fBS#«*126W:«»*ixTV^ 
£ a @2a/£^L|2clt >f ^ A 1240± 

jcifig ^tifcr^r^ yascT*- * ^ ^ a i22£^ l 

[0 0 0 5] ^^-y ir;H20(Dfe^LlL 1^1,1^2077^^^ 

"9mft^o Mi,M2^^nr*^6, -fftt>^^ r 0 j 
»3i rij tttBT^sa^t-tt, *^y-fe^i2o<z>«*t 

la^O^tefiS^ft^o ^^lilt, 7<^eyiryH20 
yH20tf>JgStttt, (130, 132) {csi^n^nfc^ 

£ums«cjcsi:riftns^>^m^i23 (B2a#i) o 

[0 0 0 6 ] @3{C^o^T, ;*^y-fevH20ra, 
5(? (130, 132) <DM*cES$tvr^5. T ^ ^ ~?lk 



3 

Xfm&&&7 < (122, 124) ttB3l£tt^£*lTt^ 

ir/^i20co^J^ft&[n]igs£-£-5 0 B3fc:fc^T, 
7^fV (130,132) ft, Bl aMIl bfC&3LTi:x£ 
LtJ;5t, */H20i:Bi:« (dx.dy) 5 

J: 3B^SixT^5. 
[0 0 0 7] S?BW(-tt, f^7-f> (130, 132) J4* 

y^-y *^i2o±«>*Msr** (dx,d y ) 

(dx,dy) 4r*-fS-<^rfc*o It^ot, t^h7 
^V132te, i4 al^fj:^-, y^e y-fc/H20£>SB: 
# ft Y CO If W D v t L V ^ £ 2f ft Y CO fg W C v & =t "** 5 ^ 

J: 5 k:, /^y-t/H20O7K^*-ftXC0*IW D H^^l-^' 
tK ¥ # ft x co H w C h£ 5 ^ £ Xh 3 c 
[0 0 0 8] 

[#E##*LJ:5 Ld»U rwiooco 

^i£7^>* (130, 132) £y ^yi?^120£cDFflco^;*T 
7-fyvHcEBLT (HlaSMlbtS) , 17 — 
IsiZORTf ?y h7^f V132^^^- y •fe/l'120a*& 

MRAMT f /<^^COf^®{C^ffi^iX^ y y^777 p nt^C 

<DX~foZ>o H4 blCjo^T, fcfy h 7^>132i^, ^"7 

h6 fctfy ^-y ^/H20d>b^y-t ^ h ui^o 

I^EMC m 5 btCfc^T, 17— K^-fV130te, t7i? 
*y h 6 fcfij-y^ey i?/H20a>b;t:7i? y V Ul^c IS 

77/pt^{:-J:^l$o «*.«, *«fftWlc*5^s 
6coffitt, 0.05^ mco^-— y-£ft»m-5o fSScofig 

[0 0 0 9] K^yir y h 6 co 1 OCOX^te, I4b^ 
t/B 5 b (Dttl^Mz. joi^Ty ^ y ir/H20CO^fcb Lfc 
Htf«E»141, UbX-^-tX 5 
(130, 132) (^J: PB^iXTl^ftl^* y i?/H20COgf5# 

4> (130, 132) **b<Om&£fr1tMR&, **rV±/U\ 

(Xtt^co®^) ^#MiCO*-ft4r®e*-fr-5C^^r-# 
[ooio] 7ty± y V 6 <D^<DXMJi, *rJx-e*xB 4 

b^i5 btC&^T^ n;*yN^>^i£l43, 147T- 

^-tx o W^-o (130,132) co— ^^^^y±- 

/H20co^gco^-(|[|{i&g-t-6^^T-^.5o ^CO^^^L 
K>. mmi<oj3fa<r>®U\z.^-tZ>Z. t&X*t&\ JE 
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[0011] lttJMy,H x **ft*^h,£j#t*5«i«l 
x , IyO^ct y y i?/H20— (Dm^&fy&'n 5 ^ 

RXf&m*m#>X*mtJ:h<nXh*) , «*«*SrfSTS 
S.t/^#H y ,H x ^r^r >r ^^-^y-r^^i22 

[0 0 12] If^ot, MRAM^ y ■fe/UCO'T— ^S5<t 

S^K^-^iatt*^**-*- sSii^^vi: coffin 
/7^^>h^<t, MRAMy ^ y cos^e^^co 
tz#><Di"(Ti? bffim&&mtztix^z> 0 
[ooi3] &tz> m&^j^izxvtk&zri&Wiftfr 

^ [0014] gK, y y -fe/Kc^j-rss^^ai^ic 
»ai^«SIE^^:^ $ ^r^®^^:2> r: fc: J: V MRAMy y 
iB»©6i((o«*i iT, MRAMy ^ey icii^^nt^ 

[0 0 15] 

^co®^-^15ffi««>*Irt(c^tc^^ix5 

[0 0 16] &mzft % %\<oiifa\z-%\<n 
— ^tstss^tf^fty ^ y -t/^co^^com^^^-r 
so 1 <o^ftx-s 1 o*i^^-r &m 1 <oig*^ m 2 co^ftx- 



5 

jB20«Sr*i-S«2<z>*flci:0WI«ES$*iS« &m 

<7>«*IJ: Bf*2©Ji«3&«ttJS2oan*^«2 
*>«a>£#fc:Sfc£ J: 3Wa«*ix5. Mtci. mio>g 

[0017] *mm<n-mi&mmT-&, m 1 rv$s 2 <o 
[0018] *«Mo»j«>*ifc»ttrtt, as i Rwm 2 

[0019] *38firo-HMllr-l4, H 1 RXI% 2 CO 
[0 0 2 0] *«W«>8»J03lft^1BlTtt, * 1 0>3|#«c 

[0021] **»«-ett, m2o^#{c^o 

[0022] ^^osuoHJfe^^T^, * 1 <nm<D$L 

[0023] *mm<n^m<r>mi&Bmx-te. m 2 ^« 
^tfcfitfu m2<r>mmz.M%.btizm.ffi<r>*%£&, as 
2<r>m&'j?t*< t t>as 2 (ommt^^m^ x y> 

[00 24] ^nfHottOttff&^JAtt, *58*J«>!B 
[0 0 2 5] 

[0 0 2 6 J mm&Bfot LT^tSiplC #$g« 
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5m 1 2 0««r*i-S* 2 OWttfc *ft 

tr. ^-*E1tBtt* *i»tfJS2^8K*flmcE** 

z>m2<nmmt££ts>o as 1^12^11 
tiif^ci 1 xvm 2 ooxm^-fumm t&m-r 

70 WcfiftS J: 5 legem 1 ft>«*sttft 1 <D®miztt LTIE 

/h*<*« <fc5^*^lR;*ft> tt*2 0Ji«^tt!S2 0 
*§o£fls:fc:£ft 5 £ 5 l-Km 2 <z><ffiaqgas 2 

[0027] mi XVJfl 2 o«a*as 1 XV* 2 coil*! J: 
5 Vh*^££©*j;fti£tft, £(T^^^^n5 ({El 

fBttjg * 1 XV/X ttSB 2 <7>ag# ^^^77^f 

/xtt*2o«^^n-€ftv<oa«rt^*ix5o mix 

MlrMt5ei:^r^5 fl miXV/Xl^m2 60^ 
[0 0 2 8] 0 6XtfB7tC:jS^T, flfc&pt ^E- !> -fer/K0 

fc»^ti&»ft^-f7 * hflHSiott, micotlWci (B 
6#as) £#^5aSl o3ttt30£aS2<&«W C2 (I7# 
9ft) *r*+ ^m2<Di»^32^^^t?o x-*fatt/f2o 

tt % *l<0*f*30AV*2<05»«C32OJ3g^lcJ:!9*tf;$ 

K«i<Di»#30^tt«2O*»:32i:wBB(ciBe 
^ (H^-fr-f) . »lJHf*2fl)i# (30,32) \c 

|fil{c»X^JiBWDi«r#L. Si^Hia^Ttf 20 
^■^{cm2<Dli!iIWD2^W-r5o SlM2<0|# (3 
0,32) tt, ^^1^1^2(7)^ {V, 

h) x^-tmtemzot&mi-fz* 
[0029] mi <dmw2q<d% 1 0>$iff C1 tt x m 1 

2om2oBw C 2^. m2^gBw D2 J: 5 t>^h^< ^SJ: 
5^7 5^*SiR$n5o micoBWci^, 161:^5 



T 

(w, mi ff>JlffiWDi#RJB l o«Wci^W-3tfe5 J: 5 

tt, |7(:^n9l:> »2 0iB«W D 2^K«2^«Wc2 

[ 0 0 3 01 t^PJco^^^, » i roaMMott^-^lB* 

*2O<0±fcBE«;Sft (B6*flR) , «2^W*32«t7 f - 
*8B*/i20OTtcE«<*;hS (B7#S) o m 
iM2^|# (30,32) (O&ettigfc-rs: £ 

-^BB«*20^H-r5*l < Rt^»2^»# (30,32) 0> 
4fc**:JW<Bfc*-f. LA>U iioa/^^iiocl; 
^LT«f6<i:?IC, K 1 JttfJB 2 <D*S# (30,32) 
lif- * 15 ttii 20 £ jg-f 5 * <£> T- 5 o 
[0 0 3 1 ] |6M@ 7 12, mi CO^fp)V^^it^I^ 
61 1 <7>>g#30£, ^O^fSM!-*^^** 

TK^ft^u «2oa»*32^sa:*-jsisr«-*-s»'& 

[0 0 3 2J "3r — *1B«tJB20«t, * h 
^ &r^j fri8£v^l£v (raagnetoelectric)^'^ ^ £ 

t/*ft»»««:«tr»«t«r'#+6wi: 5 (ill: 
[0033] 013a JltfB 1 3 b 11. £ftJgfiMfctf>"7* 

tffl2C0al|# (30,32) 14, jgl&tf*2<D;fr|p] (V. 

h) ^^n^n^r-^faiiJi^Sf^u, si^i^di 

(V,H) {CfctfS^-^EM^A^fir^So ^Jx. 
tf, 113 at'fi *10JB«W D itt, mi<7)^-fS}VtC^ 
5^-^fBteg21tf>S;MlT-*>!?, »lG>«Wcitt, 

« i oJB«w D1 j&MfciB l offiWci^^CS^ 

«l*>Ji«WDifc:#LTE«$ilS. H?l«tC. »2 0>« 
«W D2 I4, * 2 O^frH^fctf 5^~*lEtg/g2l<7)^;*:II 
T'h*). Sl2<7)$IW C 2tt. JK2^H«W I ,2* 5 tS*2 0SW 
C2*>£#KS#££ Pt-, &Jir2<7>j§$gW D 2(C#LTlS 

[0 0 3 41 #3593^— 18a fct* 

1 0^|fi)V{C*5tt Sx-^lBeS20CO» 1 £>/§*IW D i£ 5 
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t)Sl07nt^77'(^>'ht7t^ Ai*ltf/h£ 

p -tr* or 7 -f y V h &*tcJ: o T#r£ -5 fit £ -f 5 : t 
»*fc:tiU »itf>«w C itt\ Jflio/I4lw D i£ nAi = 

0. 05 ix mtztfXte A iCDfa^OlXttfa^— > h 

^tfTf^So A X = 0. 05|zmr-^)6^ 

% (0.8X0.05jum=0.04jtun) ^S<t5:i^ 

Lt^ot, mioi^iwciiimicoii^iwDi^^ t>fs 

2*0. O^m/ftt/hS < — *\ Ai = 0.05juraT-fc5 

* l 0?«w C itt» l o^*Iw D i J: HA i<r>iti/4 
(+*fc>t>1.25) (1. 25X0. 05 /xra=0. 06275 fin) f£# 

<OS*IW D i«t 0 0. 06275 n»£tff|ftt/h£ < fr£ 0 i«TiX<7> 

JB«w D irt:-t<73^#^jBi<D«Wci^l:^S. JiEWW:* 
^ fc, A 2 , ^20^*IW D2 , aL0 5 »2OBflr C 2{Ct>^T?4 

[ 0 0 3 5 1 *1 OBWci»L 18a td^-f £ M 

6o 08atC*5l^T, 3BlO*f*:30tOiW»«33tt, f 1 

0> «10*«W D itt«l««Wci<0^«:fclJ:^6. ms 
b^*5V^T, Hi 0«Wci»4» *1 OS'I'IWdiP^T-, ^1 

MtffiffcfcS^ 1 (OJi«WDitt:« 1 

r, iRioBWcitt, f l^IiWDi^^^ Ii^ct 

^77Y/y h^-^-fer h AitC^Ul^glffit*^^ 
7 h Lfctt«C*>5j&«. ^10®fj»IWDi«mi^fplWci^ 

77^f^Vht7t^ h Ai^for^coi^>f5T^ — ir V 

^ [0 0 3 6 1 *«W<OS»J<OHl&»«-ett, B9a^L 
i9 c(^^-fJ:plC, *2©i»#32tf5*2 0SWc2«, 
* 2 O^ftHd&tf a-T-^l5ltii20(7)^ 2 COjf$IW D2 cfc 
*) t)l2^Dn77«f^y h*7± y V L 2 1ttf/b 
5f «>aR*it5o Sf207 p nt^77Y 

a^^^MRAM-r/<-r^^si^^^ixs y y/77 

t-*>6»*, *2<oBWc 2 tt, !2 0liw D2 i:nA2 
50 =0. 07 aXtt A 2^< 5 T^OlX^^'-^ V h ^>fc*^/J> 
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J: 0, *2<0«Wc2i«Jg2 0«<If D 2rt©JHtW«C**«C 
tt« U m 2 (7>JitIw D 2«:* 2 <&«W C2 
H9bfc*3lr*T\ f 2^gW C2 ll I2 0I<|V D2 ^(^ 
V^tf 2(7)rDt^77^>yF^7irs/ h A 2 ^L 

D2«. *2©«Wc20^«:^«*5 0 mutfc, I9c(: 
*3t>T, «2 0«W C 2«:, »2 0>Jl«W D 2rtfc::fcl^Tfff2 

«»C2^#IClft5 0 JS2fl)f|fc2li, S2^nt^ 
r 7-f > > bj-y-t y b b2<Vffift<VlXteft'<— Kls b 

[0 0 3 7] *iP^O-»lfll Ml <D7 u-tx 
7 b*7My hAiMfaoyDt^ry^f 

b*7±y hA 2 fi, #^0.01jujn^b^0.08juraOfiS 

7>r^^Ft7ty h A 2 «SIMC^L<^5 (Ai=A 

2) . 

[0 0 3 8] fMSPHfctt, «ioyp«77-r>yh 

^•7* h Ai^U 5 f2 (^^nir^T 7 << * > bsf?± 
*yb& 2 fe* V y^7 77 , B , t^i?)77^ ^ > j< 

r7^^^7t^A 2 tt, ^n^mioTjftvfc 

2 CO/I*IW D2 CO^— 1r v> £ (-g^5^ -^#> 

ft t> ti fz fit i: -T 5 r £ # r- # 5 a 
[0 0 3 9] *»K©-Mfc#«-CW\ lioa l^-T 

ix. *2(D*i*32«:f ? -^|Bi»JiZ0OTMB«*nS. 

Mfc, ±&L*:£5fc, *ltf>a*#30tt % -eo 

(C), tz\Zis? b S-fr(L), Ilttl;^7F^t5(R): 
£#T*#, »2(7>ajfl:32tt, ^60m2O^IW C 2^. f 2 
^«Bff02rt"C, **£EfiL(CK fe(C^7^^Hir 

(u), xtttr{csx7 h£-£5(D)^ £#t-£s 0 

[0 04 0] ^WOgijOltftJgffiTtt, m 1 CO^ffiV 
X«S2 0*M, T^-^lBS^OCD&ffcS^fc&E (f SO 
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[0 04 l]fU(;S2^ft: (30, 32) 14, Jgljfflco 
5«fc5fc* MRAMZU^ttH/^S'r-^|EttS20^$^, 

mi^r/m2cos* 00,32) ismi o^v&r/j^co 

£-fp]HlC& XfT^tlt, <OWt£2> 7^-^151^*20 k&m-t 
/0 [0 0 4 2] ilObli, ilO a^)i^K7^ 

h^itiocomi(D^fS]v{cjo(j-5^TcEl!r-fet?, 

I5«g20^m 1 OlfiffDirt {Cffig $ n^com 1 OgiffiW 

So llOctt, 010 a(7)t^i«:^Y7!> hflHSlO 
^>*2C0*^WCl^tf5»fffiH-C*>t>, ^-^EttUKO 
com 2 ^*«v D 2rt«-E«$ ix-tofr 2 <Z>«ffiff D2 ^^ 

[0043] WKYko/t:ai>, 010 bMii 0 cte£ 

fc, Il^vm5flO|gff D1 tf2^H 
?0 iC *5 tf £ m 2 CD® *IW D2 £ £ 6 5*- * EtMKOdtffl 

V£r + T-^-To tt+tt, -<-^rt(Cf6]^3mi 

♦iwdiis, »i©*ftvfc*5t\T****i, m 1 3 b com 

aaHt^i-jSio^ifijv^EX-rs (I10a#i) 0 
MIc, JBlo»#30O)gio«w cl W: % mio^*Iff D1 {c 
-t ^£KS«£ilT:Jo!>, mico^30^, mico^- 
|6jVT?7 f -^|B«ji20^Sf*-rS (il0a$.i) . 
[0 0 44] mWz^ 010c m 2 C07J^H^ * 

D2». *2<D*fSjHjC*3^ray^$tl, Hl 3cORffi 
S^"#-m2 60^fS]H^ii:S?t--5 (@10a$.i) . M 
tC, *2 03(ft320jS2(7>«Vc2tt. * 2 CO® *IW D2 {C ^ 
D^IClSSiiTfeD, *2 0>i*#32Wc, (010 a 

(c^-TJ:5{c) * 20*^^7*- ^E«Ji20^ 

[0 0 4 5] *« WO-iaSflgffi-rtt, gj 8 a ft^ Lg} 
8 ctC^-TJ; 5{c, f^K7^ h«atlO(i, mi 
^*IWci£^-f $m lCO^30i, H1f ftfcm 2 C0/I$IW 
D2^^Lt>m2 60«tIWc2 (ffC2=W D2 ) S:*-*-5*2^ 
^32 (H*-fr-f) ^^r^tPo *iatf*2 0*tf (30,3 

2) ^«^{cmi^t/m2co^fS] ( V ,h) -e-tn^n 

mZ(OmW (30, 32) Pfl(CiBS^tlSo mitOagfrSOCO 

m i o«?cif4, y-*u&m2o<Dm 1 cos*iw D1 ^ t? t> 

< &5 J: J^^SR^n, Sico^^Iw D1 ^mico 
*»Wci*>±fMcafcs J: 5 (c m i co^lwci^m l cojf$iw 
Di«w^LTIEfi^ix-5 0 

[oo4 6] jbatLfcijfc, mi<ommo(omi(om 
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ciii. JBioJMfDirttf, ^S«{^M1, il:^ 

5 (18a, H 8 b , Xt/H 8 c 0 
[0 0 4 7 ] *3SWWgijOHl6»1B^tt % m 1 O«#30 
te, =e V -t/^Oii^(currentcarrying) t" y 

5 e 08 a 4^L08 c I3\ mi <Dj?faVlzm&ftfa& 
^-T 51 1 Oigt#30£ JB 2 o#|fimt£;k¥*ft Sr*-*-* 

[ 0 0 4 8 ] t*— *I2fiUi20tt, 

of&^ffi: (t^b^i roj xii»3i r i j ) is, re 

l2G^S^t5SUO I f 2(7)i^ (30, 32) t^D 
[0 0 4 9] H 1 1 fcfc^T, ffl^-x-^lEtgr^O*: 

*»^*i»t;*2o»# (30,32) jcj; 9*#*nm 
RAMr i"(so&& fit £ti& 0 mz % -r— ^ia««20 s tt, 

5 e fM#Ofl <OSfl#H x te, x-^taitS20 s ^« 

1 0**30^ *.bns«itl y ^ J: 
»&«#0«2<D*S#Hytt, ^^^|El^®20 s ^a^5 

1 2 of ^32 m t b n 5 ^i x ia ^ n 5 o s 

MMlWS2^)» (Hx, Hy) tt, ^^O^MIJ 
U^f SO^tfSicfe f 1 ^(/f 2 C0i# (30,32) t M 

i&«#*>* lit/* 2 (Hx, Hy) IS, »lXt^* 

2COi£# (30,32) 04ftl:fBottS$nSi5, Cix 

SOtt, tt*lXV«2 0*# (30,32) ^^-^tate 
I20 s i: OSSfflT-f ^t#Of 1 Xt/I 2 OS» (Hx, 
Hy) #*§^£ixS»*fc < fcat><0-e*>S. 
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[0050] *&w<D-nmmx*te, m i common 

20 s <ofli o««w D iJ: "9 Vh£ < 45 J: 5^ #>51tR£ 

*l % *2 0aM*32<7)*2 0«Wc2tt. S^O^ftHiC&tf 
5m2<7>/gBw D2 £'>4< £ t>ncfl&4£. ±i&Lfc: 
£5fc:> »io*lw C itt, m 1 oJidWDirt^fc-5 J: 5 

1 oIIIWdi^KI 1 oBw C iO£#^S45 

*iolif D1 i/>ft< £fc*gLi^ (ff C i=w D i) 4§-8*£ 

•? t/h$< -r5^^^*t?#5c mioipiwci 

Ol:-h»4t)0^45o I y aMS;«£*i 7*— 
t£/l20 s \z tt-f 5 {c J: 1? ^» £ in 5 t> £ 

*fr It SJR £ 5 T U -Y 50 COM <0 v"— * fB1t^20{C t 

[0 0 5 1 ] **WOJgijO*»feflg1ftT-W:, m 2 CO* ^32 
2 (0(1W C 2^, JS 2 (O^faHlZ ^5^5^— ^I2^ji20 

s coS2tog«Iw D2 i: 0 fc/h* < 45 J: 5{c^^^iR^tv 
5 (^4*3fe*lXO«Jll2(7>*flc30,32«r*fc*<-#- 
30 5) m^^. «*JB»OSE45iStKS:3ia-rs^^36«^ 1 
^5 0 SB2£>«w C 2«U J Erti3&«»2 0JB«WD2rt^*>5J: 

5 {C, ^Of 2 COg*IW D2 ^m 2 OiffiWc2^^*(-S45 

J:5{^> Et^ix5o 2 o^lw C2 ote:S(c i 0 , * 

2 O^5^H y ^7 :f -^fa1t^20 s {^^-r 5o 
«1 O*#:30t^LrJi»L/E:O^|^i:3a6{cJ: 0 , » 
2<oaiC«:32^j&DA.feix5«i6lx^*#*tt* » 2 0«W 
C2 ^4< t>K2 0JB«w D 2i:#L.^ x »-S' (w C 2 = 
W D2 ) J:DW^<t5ri:i«f#5, «*JH»ojE4 

^ teo-7 f -^IBttJB20^t>K^-r5. 

[0 0 5 2] 11211 14 bMi5 blC^LT±M 

L^:«fc5 4, !7— K^-f^WcOffli: try hT-r^WbOB 
ir^L^ (W c =W b ) ttjfeatfftctSttft^^-y-fcynx 
-f T £ Hc&3-t-5m2£;*>< ^^>^&^SCiilr^-r^7 
^T-^50 !7 - K 7 ^cRO 5 ^ y h 7 ^ >»b»«ft ^ 

^^h0.0h{imtz:a^-y± y V LT^5 0 y h 

50 li, i4b&t;i5blC5Tv7^nT^5o ^>fj/fy 
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^LT^So h 7^>'««Ixttra#Hy£±J#U 
!7- K7>f >«BtIyW:tt#H x «r*rit"fS. * -f s> > ^ 

I. 75mAtf> tT 5/ ^7^yfi5ll x ^3 ( 60roAGD 7 — h v 7^V 

[0 0 5 3] Hi 2K3iTz % ^^ota^^yt/uu 

— K^VOffitO^fzMcSfcS (H9a#RR) o b/c^ 
oT\ ^-Y y^^fflfcSC2-b*>^2te:BBU Sr 
(°HE £ fcafrKfal. 75mA CO tf y h 7 V^Ix £ #*J3. 

J: 0 *>#)20%/h£ < ft 6 (-Tftt?*>3. 00mA#3. 60mA) 0 
^<t5r i^J; €y V?<OXh 

[0054] m 1 0^300 

fc< t <>» 2 0>/B«Wd2*:^ *1<&«W 

cite, 1 ojf ffiw D ift^&5 «fc 5t-* ^ii 

£n£ 0 *i<7>«wcio#«ia, im#(d»io»»h 

^ (Wci=W D i) »*,fc****<fe6. mi 
<D*w C i«r*< Lfcfe^i: LT, Hiira««ly^HC»-& 

[0055] *&m<nm<nmM]&t&Xti. W&M&v>*: 

»20H|«:320«2«)«ffc2^*2<0*fRlH«Cfe 
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it 6^-* ts^ii2ocDm 2<nmm W D2 £ 0 fc/h* < ft 6 

IS, *ft#*2 0Ji«W D 2rtfc:*>5J; &>o5l2<D 

/■*IWd2#RSR2 o*IWc2<^£M-2&5 J: b 

ix<5o tt^o«w C 2*>ffi«l-«fc-3"t\ fM#^2 

O^^H y ^7 = '-~^i2tt®20{C^^tl5o »l*Oi»ff30 

*2<D«W C 2#4>fc< ^1>m2C0g*IW D 2^^L 

[0 0 5 6] ±&*>3MfcJg1flm3, 1 CO^f*30(7>m 1 
<£>*IW C ite, *1 0^[6]V{Ci5(tS^— ^|2B^20Omi 

o/giHw D i£ 9 hfS l ^ot^ryY^ h*7±y 

^2 <7>2§#32<7>^ 2 0«Wc2»*, Sf2 0^T^]H{Cio 
it 5 7*— ^l5««20O« 2 coS*IW D2 £ *) m 2 P i? 

Mt5:^ms 0 Kmi5Lt/H2(0^nir^T7 

-T^> h^^irj/ h Ai, A 2 tt. ^0.01//m^^^)0.08^ 
^ mOffilirtS^l £&X*Zo 

[0057] frmmmxmm ^tznmmm^m l, t*- 

*s"C*^^) {CjiSUTt^icri, ^^>r/U-^ (NiF 
e) , rr/<;L,h (Co) , Fe 3 0 4 , Cr0 2 , Xte. 

^tT^^-^A (AI2O3) . 2ftT/K = !>A (Al 

n) , zMitmm (sio 2 ) , ^r/^-fb^^ (si 3 N 4 ) 

t&XZZo IlMf2 0|i«: (30, 32) tt, #3X12 
r ^ = <> A * ^^IM^b 6 r 

[0058] #«B©ia»#i/-rri> ^*ifiio*, ® 

[0 0 5 9] £JLTt-*5V^Tte, *^^<DS^ <0*j4Sft 

1. ^^^yt/K7)fc*(7)l^ift:K7[> h«i|T- 
*>oT, Bl^^^^ft-SSlcOit^i:, ^2<7>*I^^ 
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Rxtm 2 (Dmm^m^m^mum i 2 <d^\z^ 
ti^^-rs, y'-fmmmtzmx.xisKi . mum 
1 (Din^ttjiEmi (ommx <o < ft**, o^&mvi 

* £ 5 f^iKm 1 1 OA* £*r brieg 

2. flfBmi^*!^, Sloynt^77^VFt7 

-^#>5ift£n, TOiB»2^«3a«, S2co^nir^r^-r 
>r r * h^ato 

tam2(z>^ , ai?^7'7-r^>' vJry^y M*, tfoo.oiu 

4. ifflE*iXtf#2o:/i3*;*T7>r;* >- b*7±y 

5. iWES&i2UJ»2<&:/i3H?;*T7>r;*>' v*yty 

e. t^JIBml5:u ^ »2(7)^^^«^^sv^^ii:^-r^ 
»2o*-(S]jftS|g«ft^s^«cii:*Lrv^, TO9lifcia 

7. mE»lO*"[pl3tttWlB»2«>*fpJ<DS«*nfc — 

9. ffiB^-*E*JB#, m&jeyt* 

a. #iEmi J au 5 m2o*i<D3ift$tufc-*-^, 

12. ^^!)t;^fc^f^^W7 * h«*£T- 
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-tz>n2<nmfck. -&m\Run2<Dmm$\z.im$n 

«4:*2«>*|pl^(t«*2ioJB«i:*r*L, SUE* l 
2 o#fti«*«W^lWE* l &U<S 2 <7>*|pJt-t 

jx«nse»-T5, t&mx&y) , #iEm 

l 0)H^nE« l «>JB« J; 0 < fc* £ 5 
Six, inBC2«>«^mEflt2 0J||Bj:X*n^«U 
<> BflE*l^>iB*I^WE»lofi(7>^fl:jca:ft5«t 5 
{cffimio«^Kmi^«*I{^LrgEMSns> ^ 

13. ffJESBl Il^nt^77^yFt7 
* y hfcS^TWlElS l J: 9 < ft £ J: 5 

14. fltjEHl O^uir^T y ^ h^-^-fe y ffi 
0. 01*zma>b#)0. 08 fjL m&XV>&Wft\Z]hZ>* lffi*Sl3lwE 
«tf)»iii#U^7!) h*gi£ 0 

15. ttJlSf 1(7)S^, !7-F7Y>'MtVh7^y 

16. iJEf lroftii, WEJUloJiBrtlcist^ H« 

17. iSm^^^^ey -fe/K^>^ai>o»3i*#^>rr * h 

iir^ot, SlC0^^3{Cjo<tS^160jf({iIi:^2 60 

^•lS]^*5tj , 6m2^^i}l^^^-r6^-^Em^i:, to 
JSl«)i»#T*)oT, «t!B*l(OlSJ:n/J^<*5 
a«, WEJBi^Ji«^tt*i(7>«^^l[ft5J:5^ 

zm2<om#x-h<>x* thmum2<nmm\c^ 
^%2<om^-r^, 1 2^^«it^^ 

ti. &miRx?m2<nmmK *n-e*L**wiciwrE« 

1 Jlt/« 2 <7>^fp] ^ffjEv"- ^ EttH ^ *a tt *5 d , 

40 t LXft&i &t/mE«i&tt»0>mEJB l ftU 5 * 2 (7) 

9, MEJgi^ffiflcJ;?), ^E#^^#^ftlEm 
l o»»#»Ef -^EMl:«***ir % IBEJiw 

f^ftl/Y7!) h*aS. 

18. ffiE*l*>«#, f l^at777'f^yF^7 
-fe h^S^5^TiWE» l ^>S*S J: 0 t>^S < &5 <t 5 
^«>SRS4xS, W*i7^Eil«>*^»*u^r 0 

5(7 a. 
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£ 5^fc»«Siv Xtftt»2OJi«MMS2£>180>:£ 
2©«<offi1EJcJ:l7, miB»aat#«>MIBJI 2 

20. flfjEIS 2 |20ynt^77^^^7 

Si® J: 0 Vh* < & 3i*«>aSIRS*ift:* 1 <om*m. 
J: 3l:RIioi^K»l o*«K#LTIEa£ftT^ 

s, firoS*^ ^o?t&*u*a«^jtsi:T*5i«[ffo 

WIB*2(Z>«l«IC«UV^2(7>«Sr*i-S, 12^ 
££#X.T:io^ SMB^-^lBttUga^ WIBJII 1 Jt-VJS 

2(oac*n^E«$n, K*i»^*2^*«:^*ix-e 

SH» l 2 oS15#{a£ i:rtt«Yt:^riBi4r Il<E*-frS 

23. ffl|E*2 0>«}fl*, lffllB*2^Jl«J: 0fc*£<*S 
cfc5^fc3R**t, &U<tt«2 0Ji«aMfcSS2<D4Io£ 

ffi|E*2 0*#{^ifeix5SfrSB««k:i: 

n«fflrESi&a*«>MSE»2(?>ffl»^*#$^, snism 

2 o«^>4 < tfflE* 2 ©iSi« J: 0 t> 

24. ft5l2jg2<Z>i|f#, l20/nt777Y>yFt7 
± y McS<5t*TfiMB*2<DJi«J; 0 t>'h£ < fc* «fc 5 
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[Hi a] ^jfeSffF^iSMRAMT U'-rSr^-t-^ffiH-efc 

So 

[Hi b] t**tt«{cJ:-5MRAMr u>T4r^i-*jaBr*> 

So 

[12a] 7 ^ f >f y ^ /UAR^I*^ 7 ^ 

[|2b] 7^f^^7^/UAMI^7-f/P 
A^tt<fc#(6l«:^-r«fe*tt«^ J: SMRAM* ^ y t^©« 

mmxhZo 

[12c] 7^f^IS7^^Ml*W7^l' 
A^ft^-fpiSr^-r^SsStff^J: SMRAftM ^ V -z/uv>W 

So 

^ [I4b] ^77^^yh*Ji)tft*8*l:J:5fii 
[15 a] 7k^ft^rttffcnfc3ffi«ft/ii«*aWi-J: 

So 

[15b] ^770yh^f:Wii;ut^ 

[16] ^^ia5f^K70 MHft**-*-* 

®i-e&So 

[17] *&m^£zm&m#i>"(T $ hm&zm-r^ 

JO SlT-^So 

[18 b] *ft®\Z£Zt£\Zis7 h$n^an^iRj(7># 

[18 c] #*BEfc:J:-5*fc*'7 h *nfcait*rtl«>» 

[19 a] *«Wl-«tS l f , *^ffifi*Jxfc^c5p*|p)0» 

[19 b] *38BtJ:5±l:^7 h£ixfc*sp;frfp|0>* 

[19 c] **WKiJ:STSC'S/7 hSti*:*¥^lPlo* 

[11 0 a ] *8«liJ:5, x-^fg^J: 5 
l RXJ% 2 o*«c*:^+3PBHr *>S* 
111 Ob] x-^lE«««t t>1>*^SS 

l &tff& 2 o^Sr^-rSrffiBr 

in o c ] *mmtz£z. 7*-<?ufem£ t>#^« 

1 RX/fS 2 O2»fl:£^-r«frffiB"C*>5 0 

[Hi] **wtcj:5»^**u>rr«> bmrnzm* 
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(li) 




[Hi 2] **ftHfKJ:fi«j|f^^ yisy&mt, * 
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